Thiobacillus thiooxidans (Waksman and Joffe, 1922) , one of the few strictly autotrophic bacteria known, was chosen for a study of the metabolism of chemosynthetic ceils. The chemosynthetic mechanism and other possible enzymatic reactions in such ceils have not been studied extensively. Whereas the general reactions furnishing the chemical energy are known (Starkey, 1925) and data on energy efficiency in growing cultures are available (Waksman and Starkey, 1923) , no indications have been obtained thus far as to the nature of the metabolism of the cells.
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The requirement of the specific nutrient (in this case sulfur or thiosulfate) for the growth of autotrophic bacteria has led to the conclusion that the metabolism in this form of life is not comparable to that of heterotrophic organisms; that the chemosynthetic mechanism is a unique process furnishing the cell with all necessary materials derived in a different manner than in heterotrophic forms. The inability of this organism to grow on any organic media yet devised lends considerable support to this contention, and one might therefore conclude that the energy released by the oxidation of sulfur (or thiosulfate) is coupled to the synthesis of cell material, but that the energy supply of the organism is directly dependent upon the specific material oxidized. BSmeke (1939) has summarized the pertinent literature concerning the nitrifying bacteria and points out that this viewpoint is the one stressed in most standard textbooks.
It seems probable, on the other hand, that in nature the sulfur-oxidizing bacteria must be able to live for some time in the complete absence of the specific nutrient. And this would lead one to believe that the chemosynthesis supplied the ceils with organic storage compounds, the breakdown of which furnishes the energy of maintenance of the organisms and enables them to survive for periods during which the specific nutrient is absent. In this concepf the autotrophic bacteria would be considered closely related to the photosynthetic plant, in which a storage of carbonaceous material occurs during illumination and a utilization of that material takes place in darkness. Btimeke (1939) has recently been able to show that a definite oxygen uptake may be observed in pure cultures of nitrifying bacteria in the absence of the specific nutrient. This endogenous respiration is exceedingly low and requires long periods of observation.
Apparently critical evidence which would distinguish between the two concepts of autotrophic growth mentioned above would be proof that the endogenous respiration observed is due to the utilization of stored materials and is not dependent upon the incomplete removal of the specific nutrient. It is the purpose of this paper to provide such evidence for ThiobaciUus thiooxidans and to describe briefly certain modifications in methods of study which are necessary to obtain satisfactory information from this organism.
Me~hods
The techniques of growing this organism and the preparation of "resting cell" suspensions have been previously described . Briefly, they consist of growth of pure cultures on sulfur in a purely mineral medium, filtration of the unused sulfur through cotton, centrifugation of the filtrate in a Sharples centrifuge, and washing of the centrifuged cells in buffer or distilled water. Rather large quantities of media are required to provide sufficient cells for study and under present conditions of culture approximately 5 gin. (wet weight) of cells are obtained from each 100 liters of medium.
Suspensions of Thiobacillus thiooxidans prepared in this manner show a measurable oxygen uptake without added sulfur. The Q(~(N) (microliters of oxygen per milligram of bacterial nitrogen per hour) of this endogenous respiration is relatively constant with each suspension although it varied from suspension to suspension between the ranges of 10 and 40. The variation among replicates is usually within the accuracy of the instrument (Warburg apparatus) and these cell suspensions can apparently be treated in the same manner as "resting cell" suspensions of heterotrophic bacteria.
Addition of sulfur to such suspensions increases the oxygen uptake from 20 to 100 times even in the absence of CO, (KOH in Warburg flask). However, replicates now exhibit a very. marked variability; at times apparently identical flasks exhibited variations of over 50 per cent of the average value. Moreover, the Qo~(N) after the addition of surfur does not remain constant but increases markedly over a period of about 4 hours under our usual conditions, at which time it tends to become constant, although occasional intervals may show some variation. This effect is illustrated in columns 1 through 4 of Table I. The oxygen uptake per 30 minute interval rises rapidly which causes a comparable rise in the Qo2(N). The time required for maximum oxygen uptake varies markedly with the concentration of the organism and tends to be much shorter when dilute suspensions are used.
After some study it became apparent that the major cause of these variations was the necessity of direct contact between the sulfur particle and the organism . The inconsistent results observed in the oxidation of sulfur seem to be caused by a variability in the time necessary for the cells to form actual contact with the solid sulfur. This time is easily influenced by a number of accidental factors; the distribution of sulfur on the surface of the suspension, the amount of sulfur sinking to the bottom, the formation of clumps, etc. Such variability, however, seriously limits the value of the Warburg technique in the study of this oxidation so that studies were directed towards methods of reducing the variability.
Methods which give satisfactory results in the oxidation of sulfur consist of mixing the bacterial suspension, the appropriate buffer, and a suspension of very finely divided sulfur (such as that remaining after the growth of the organism). These are incubated for at least 4 hours and immediately before use the pH is adjusted to the proper value with as little disturbance as possible. An aliquote of this material is placed in the Warburg flask and after equilibration the rates of oxygen uptake are determined. These values should be relatively constant in a series of replicate flasks. Furthermore, since in a given flask the rate of oxygen uptake per unit time is constant, the effect of a variety of materials upon the oxidation could be studied by tipping these materials from the side arm and noting the change in rate of sulfur oxidation. The protocol of a typical experiment using this type of technique is shown in column.q 5 through 8 of Table I in which the relative constancy of oxygen uptake per unit time is evident. The Qo~(N) on sulfur, while tending to remain relatively constant for each suspension, varies markedly from suspension to suspension. This, of course, is a reflection of the number of living cells in each suspension which tends to vary somewhat. The values for Qo,(N) given in Table I are not claimed to be maximal values and undoubtedly much larger ones may be obtained after more knowledge of the growth conditions and the respiration of the organism is available. Certain suspensions have been obtained which yield Q~(N) values approaching 2000.
ENDOGENOUS RESPIRATION IN AUTOTROPHIC BACTERIA

Evidence for Endogenous Respiration
Proof that endogenous respiration is due to the utilization of organic materials and is not due to traces of sulfur in the suspension is possible from evidence outlined below.
Most suspensions when first prepared are not entirely devoid of sulfur and if they are incubated anaerobically some H2S is produced. This is believed by Starkey (1937) to be due to the reaction of glutathione (or similar compounds) in the cells with elemental sulfur. If cultures are allowed to proceed until all of the sulfur is utilized ("starved suspensions"), or if the ceils are carefully washed and aerated rapidly for the first few hours after preparation, the production of H2S on anaerobic incubation can be eliminated and these suspensions may be regarded as free from sulfur. However, it is impossible Same, except trace of sulfur added.
to be sure that every trace of sulfur has been eliminated. Preparations made either by aeration or "starving" show an endogenous respiration in the absence of added sulfur of the usual magnitude (Qo~(N) 10-40). If KOH be left out of the Warburg flask, and that respiration compared with replicates containing KOH, there is evidence that COs is produced during the respiration. The mQ. so obtained is close to 1.0. Data for a "starved" suspension are given in columns 1 through 5 of Table II while columns 6 through 10 record the action of the same suspension given a trace of sulfur. In the first case the Qo~(N) is within the usual range, and the g.Q.'S are about 1.0. When a trace of sulfur is added, the Qo~(N) increases beyond the usual value and the mQ. drops to about half its former value; both phenomena are explainable by the oxidation of the small amount of sulfur added. The production of CO2, however, regardless of its relative quantity with respect to the oxygen utilized, provides evidence of the utilization of organic materials. Oxygen uptake might indicate sulfur oxidation, but CO2, could only come from carbon materials.
It is possible to differentiate the endogenous respiration from that on sulfur by means of certain inhibitors of which sodium azide is a striking example. It is evident in Table III that the endogenous respiration cannot be due to traces of sulfur remaining since no inhibition is evident even at very high concentrations of the inhibitor. Proof that the observed endogenous respiration is due to Thiobacillus thiooxidans and not to possible heterotrophic contaminants may be obtained from the following considerations. The organism is grown and harvested at a pH of 1.0 to 1.5 which effectively eliminates most contaminants except yeasts and molds. The endogenous respiration observed seems to be independent of the pH and its magnitude is the same at pH 4.8 and at pH 2.0, a character which is most surprising were it due to a contaminant. Finally, glucose may be added to such endogenous suspensions without detectable effect upon the oxygen uptake over a period of at least 8 hours (pH 4.8), so that the respiration observed cannot be due to heterotrophic contaminants but must be due to the autotrophic bacterium. (Glucose Proof that the respiration observed is yielding energy for the cell can only be obtained indirectly. Suspensions which are to all intents sulfur-free survive at refrigerator temperatures for relatively long periods (several weeks at least). During that time these suspensions have motile forms, they immediately begin to oxidize sulfur when it is supplied to them, and they continually liberate COs. There is, therefore, little doubt that the oxidation of the organic materials within the cell is coupled to the energy needs of the surviving organism.
SUMMARY AND CONCLUSIONS
It is shown that there exists in the autotrophic bacterium Thiobacillus thiooxidans a measurable oxygen uptake in the absence of the specific nutrient (sulfur). This respiration is shown to be due to the utilization of organic materials which must have been previously synthesized by the chemosynthetic process, providing evidence that autotrophic bacteria contain a dissirnilatory process which involves the breakdown of organic materials and furnishes energy for the maintenance of the cell during periods in which the specific nutrient is absent. This is entirely in accord with the work of BSmeke (1939) , who provided similar types of proof for N#rosomonas and Nitrobaaer. One may conclude, therefore, that autotrophic bacteria possess an endogenous respiration which involves the utilization of previously synthesized organic materials.
